The effect of pilocarpine HCl, a parasympathetic muscarinic agonist, on digestive characteristics was evaluated in growing beef steers fed a high-grain diet. Oral doses of 0 , 2 or 4 mgkg BW were administered daily to each of eight steers immediately prior to offering an 88% mncentra~:12% hay diet in this threeperiod crossover design (19 d/ period). Treatments did not improve digestibilities of dry matter, organic matter and nitrogen, ruminal liquid volume and fractional dilution rate, body weight gain or feed efficiency. Although daily voluntary feed intake was not altered by treatment (P = .25), there was a dose-dependent slowing of the rate at which feed was consumed (P < .01). Also, ruminal fluid pH was increased with increasing dose (5.36, 5.55 and 6.11 respectively; P = .lo). These observations indicate that the digestive improvements due to pilocarpine reported to occur in mature, nongrowing cattle consuming a high-forage diet are not observed in growing steers fed a production-type diet. Key Words: Pilocarpine, Digestibility, pH, Rumen, Bovidae .5, and 6.1%, respectively). In that study, feed intake was controlled, the diet was not characteristic of those offered in a feedlot and mature cows were used as the experimental animals. Hence, the data do not allow interpretation of whether cholinergic stimulation would be advantageous to beef cattle unda production conditions. This study examined the effect of orally administered pilocarpine on digestive function of growing beef cattle fed a high-grain diet. The responses to oral doses of pilocarpine (0,2 and 4 m a g BW) included ADG, nutrient digestibility, feed intake and ruminal characteristics of these steers.
increases VFA production (Bauman et al. 1971 ) while reducing salivary output (Bailey, 1961) . These changes can adversely affect fermentation, leading to acidosis and decreased animal performance.
Pilocarpine has been reported to stimulate digestive function in mature cattle (Wkdmeier et al., 1987) . When fed a 45% barley diet, cattle orally receiving 4 mg pilocarpinekg daily had increased digestibilities of DM, cellulose and CN& protein compared to controls (8.5, 8.5, and 6.1%, respectively). In that study, feed intake was controlled, the diet was not characteristic of those offered in a feedlot and mature cows were used as the experimental animals. Hence, the data do not allow interpretation of whether cholinergic stimulation would be advantageous to beef cattle unda production conditions. This study examined the effect of orally administered pilocarpine on digestive function of growing beef cattle fed a high-grain diet. The responses to oral doses of pilocarpine (0,2 and 4 m a g BW) included ADG, nutrient digestibility, feed intake and ruminal characteristics of these steers.
Materials and Methods
Animals. Beef steers (n = 8; initial weight approx. 280 kg; A n g u s x Hereford) were ruminally fistulated under local anesthesia6 using aseptic technique and were individually housed in metabolism stalls. The mom was lit continuously with fluorescent lights and water was available at all times from nipple waterers.
Diet. All steers were offered a highconcentrate diet (88% concentrate and 12% mixed gradalfalfa hay; Table 1 to d 51 intake. Feed was offered once daily at O900. Ad libitum intakes were determined by allowing a 10% refusal rate and were recorded daily. Orts were retained for chemical analysis.
Experimental Design. The design of this experiment was a three-period crossover with three treatments. Steers were assigned randomly to one of three groups and groups were allotted randomly to the three treatment s e quences. The original design included nine steers, but one steer in Group 1 was deleted due to chronic bloat and reduced feed intake. During Period 1, Group 1 received the negative control treatment (Le., 0 mg pilocarpine HC17/kg BW), Group 2 received 2 mg pilocarpine HCVkg BW and Group 3 received 4 mg pilocarpine HCVkg BW.
Treatments within group were given in increasing order across periods except when going from the 4 to the 0 m a g BW dose. Doses were given orally in 50 g of a molassesconcentrate slurry fed 15 min prior to the diet. Steers voluntarily consumed the slurry; however, in those few instances when the dose was not consumed within 15 min, the remaining dose was put on top of the feed. Treatments were given on all period days except on days when steers were weighed (see below). Gain and Feed Eficiency. Live weight gain was measured by weighing all steers at the beginning and at the end of each period on each of two consecutive days (d -2, -1,19,20, 40, 41, 61 and 62). On a period basis, feed efficiency was computed for each steer as the ratio of overall gain to total DM intake.
Digestibilities and Nitrogen Retention. Quantitative collection of urine and feces was made daily from all steers during the 13th through 17th d of each period. Urine was collected in a plastic bucket containing 30 ml of 30% HzS04. Approximately 2 g of NaCN were added to each steer's daily feces to inhibit mold growth. Following mixing and weighing, each individual day's samples were taken for laboratory analysis. Dry matter digestibility was determined as the difference between intake and fecal excretion of material dried for 48 h at 135'C. Organic matter digestibility was determined as the weight difference following ashing of the dry matter samples for 5 h at 500'C. Nitrogen digestibility was determined as the difference between total nitrogen intake and fecal excretion by Kjeldahl nitrogen analysis.8 Urinary nitrogen excretion was quantified as the product of nitrogen concentration in a pooled urine sample and urine weight. Retained nitrogen was computed as the difference between total nitrogen intake (feed) and excretion (fecal and Liquid Volume and Fractional Dilution Rate of the Rumen. On the last day of each period, a bolus dose containing 18.5 g of a nonabsorbable marker, LiCrEDTA, in 400 ml of water was given intraruminally at 1100. This marker was prepared by the method of Uden et al. (1980) . Ruminal contents were sampled immediately prior to and at 1,2,4, 6, 9, 12 and 24 h following the bolus, strained through cheesecloth, centrifuged and stored at -2o'C. Chromium concentrations were determined by atomic absorption spectroscopy9 (Perkin-Elmer, 1986) . The slope of the natural logarithm transformed concentrations vs time estimated the fractional dilution rate and the extrapolated t = 0 concentration was used to estimate the ruminal liquid volume, Ruminal pH and VFA. In situ ruminal pH was determined by putting a H electrode into the rumen via the fistula$ Measurements were taken prior to feeding and at 2 and 4 h urinary). following feeding. Data were collected only during Period 3. Concentrations of VFA in ~minal fluid were quantified by gas-liquid chromatography (Peters et al., 1989) . Data then were summarized mathematically by animal within period as the mean concentration present in the individual samples obtained for determination of liquid volume and fractional dilution rate.
Statistical Analysis. The majority of variables were analyzed as a three-period crossover design, with animals replicated within the columns of a 3 x 3 Latin square (SAS, 1985) . Because of the animal-period imbalance, least squares means are presented. To examine the possibility of carryover between periods, the main effect of columns was tested using the animal-within-column to provide the appropriate error (with 5 dfj. Contrasts of treatment effects were evaluated using the treatment means and error term (with 12 dfj. For those variables that were calculated (pattern of intake, liquid volume and dilution rate), a weighted analysis was used, the weight being the inverse of the variance of the estimated value (Montgomery and Peck, 1982) . Finally, for the ruminal pH data in which steers were observed over time, multivariate techniques were used to analyze these repeated measures data because the assumptions required for a mixed model analysis were not met (Milliken and Johnson, 1984) .
Because steers within the same period shared the same expected value, the hypothesis of no carryover was investigated by testing the sequence effect using the across-period information for each steer (Le., the betweensequence mean square as the numerator and within-sequence mean square as the denominator of the F-test, Milliken and Johnson [1984] ). This test is a valid one for testing canyover assuming that the underlying mathematical model is true.
In order to protect against the experimentwise erzor rate due to the number of variables evaluated in this study, the following multiple comparison rule was used based on a combination of Fisher's Protected least significant difference test and the Bonferroni t-test (Kotz and Johnson, 1982-1986) . If the overall treatment effect was significant at P < .10 level, then two treatments were significantly different if P < .10 for that particular contrast.
If the overall treatment effect was not significant at P < .10 level, two treatments were significantly different if P < .033 (= .10/3) for that particular contrast.
Results
Pe$ormance Variables. Body weight gain, on a period basis, was decreased by the 4 mg/ kg treatment compared with the control and 2 m a g doses; however, the control and 2 mg/ kg dose did not diffu from each other ( Table  2 ). The reduction with the high dose arose primarily from weight losses by two of the three steers receiving the high dose during Period 3 (data not shown). Due to the possibility that treatment carryover from the previous period might cause this later weight loss, data were evaluated to determine whether such carryover was present. The analysis did not demonstrate there to be carryover for gain.
Total DM intake during an entire period was not affected by the treatments used in this study (Table 2) . Feed efficiencies of cattle (gain:feed ratio) did not differ among those given the control and 2 m a g doses, but both of these doses yielded greater efficiencies than the 4 m a g dose (Table 2) . Ad libitum intake during the initial 9 d of each treatment period did not differ between any of the treatments (Table 2) . Although ad libitum intakes were not affected, the pattern of intake was significantly influenced by treatment. Steers receiving the 4 m a g dose consumed their daily intake more slowly than steers receiving either the control or 2 mg/kg doses (Table 2) ; there was no difference between the control and 2 mg/lcg doses. The digestibilities of DM, OM and nitrogen were not affected by treatment, and there was no effect of treatment on body retention of nitrogen (Table 3) .
Ruminal Characteristics. There was no effect of treatment on liquid volumes, fractional dilution rates or liquid outflow (Table  4) . Notable, however, was slobbering by all cattle following ingestion of the pilocarpine. This slobbering was obvious for approximately 1.5 h after dosing. Ruminal pH of the steers receiving the 4 mg/kg dose was significantly different from that of steers given control and 2 mg/kg treatments, although the steers given control and 2 m a g treatments were not different from one another with regard to ruminal pH (Table 5 ). The pH pattern over the three time points showed a significant quadratic effect (Table 5 ).
Concentrations of VFA are shown in Table  6 . Ruminal concentration of total VFA was less in the 4 mg/kg dose than in the two lower doses, which did not differ between themselves. Of the major acids, pilocarpine treatment did not affect acetic acid concentration, but it did alter propionic and butyric acid concentrations. Propionic acid was lower at the 4 m a g dose than at the two lower doses. Butyric acid concentrations were greater in the control steers than in the steers given the 2 and 4 m a g treatments. Results for the minor acids (isobutyric, isovaleric and valeric) also are shown in Table 6 .
Dlscussion
Pilocarpine, a cholinergic muscarinic agonist, activates the parasympathetic nervous system. The actions mediated by this component of the autonomic nervous system have reciprocal effects to those actions of the sympathetic nervous system. Stimulation of .o 1 .10 %east squares means; multivariate methods were used for the time effects bccausc the assumption of a spherical kesidual mean square error = .278 with 5 df, %-statistic associated with 2 and 4 df. dF-statistic associated with 1 and 5 df. 'F-statistic associated with 4 and 8 df.
correlation structure could not be met (Mauchly's criterion resalted in a significant test statistic with P = .M7). Additionally, salivary bicarbonate is the primary buffer that resists pH reduction in the rumen due to bacterial acid production. However, pilocarpine has various biological effects.
The combined effects determine the net consequence to the animal. In the present study, pilocarpine did not improve any of the performance variables ( Table 2 ) . These variables included body weight gain, feed intake and the gain:feed ratio. Digestibilities were not altered by pilocarpine (Table 3 ). These observations do not account for possible shifts in the sites of digestion that cannot be detected by the digestibility techniques used in this study. The reduced gain in the presence of unaltered feed intake and digestive efficiency seen with the 4 m&g dose suggests a postabsorptive effect of pilocarpine. This possibility is supported by the lower weight gain and tendency toward lower nitrogen retentions seen with this dose. Although sympathetic stimulation can cause a 1 0 % increase in the rate of basal metabolism, parasympathetic stimulation has been reported to have no effect on basal metabolism (Guyton, 1976). Pilocarpine is known to stimulate ganglia of the autonomic nervous system in other species to produce hypertension and tachycardia, to cause contraction of splenic, intestinal and bronchial smooth musculature, and to cause release of epinephrine from the adrenal medulla (Goodman and Gilman, 1970) . These nicotinic and sympathdc effects peculiar to pilocarpine may account for the observed reduction of weight gain. Wiedmeier et al. (1987) did not assess gain because mature animals fed at maintenance were used. Therefore, a postabsorptive disruption of metabolic efficiency may explain the effect of pilocarpine. Under conditions of this study, pilocarpine did not favorably affect digestibility or performance of these grain-fed beef steers.
Enhanced digestive efficiency has been observed when pilocarpine is given chronically to cattle (Wiedmeier et al., 1987) . This effect differs from that noted in the present study.
Similar dosages and treatment durations were used in both these studies. The Wiedmeier study, however, utilized mature cattle fed a 45% rolled barley:53% chopped alfalfa-hay diet to maintain body weight. These conditions differ substantially from those in the present study in which young steers were fed an 88% concentrate:12% forage diet to gain weight. Ruminal VFA concentrations and acetate: propionate ratios reflect the dietary differences between these studies. The present study sought to more closely represent the intensive production practices of commercial operations. These data suggest that pilocarpine does not improve animal performance in growing steers.
Although daily ad libitum intake was not affected by pilocarpine dose, there was a doserelated modification in the pattern of feed intake. When receiving the 4 m a g dose, steers ingested their feed more slowly than when receiving the control treatment. The response to the 2 mg/kg dose was intermediate. This cannot be considered feed avoidance because voluntary intake did not differ between doses. However, the rate of feed consumption could influence the ruminal fermentation rate and possibly explain the pH effect seen with increasing pilocarpine dose.
Another possible mechanism mediating this dose-related increase of ~ITLinal pH during the 4 h following feeding is stimulated salivary flow. Previous studies in which pilocarpine has been administered have monitored salivary flow in cattle only up to 30 min following dosing ( Sinha et al., 1974; Gurnsey et d, 1980 ). The present study used a technique to quantify ruminal liquid characteristics during the 12 h following pilocarpine treatment. Neither fractional liquid dilution rates nor ruminal volumes were altered by pilocarpine treatment in the present study. The observed transient slobbering supports the suggestion that salivary flow was increased, although this increased flow was not detected as an altered rate of ruminal dilution over 12 h. These observations suggest that pilocarpine's stimulation of salivary flow may be relatively short-lived and that flow changes need to be examined immediately following feeding or using a more long-lived agent.
A recent review stated that improved microbial growth and efficiency could be achieved through maintenance of pH, increased saliva flow and stabilization of the fermentation rate (Sniffen and Robinson, 1987) . This effect would have advantages to both the forage-and grain-fed bovine. Reduced rumination associated with high grain feeding is known to reduce salivation (Bailey, 1961) . Therefore, chronic elevation of salivary flow would appear to be necessary to improve digestive efficiency.
The results of this study indicate that further examination of the specific effects of pilocarpine on salivary flow and ruminal pH is necessary. Notable observations included an effect of a high dose increasing ruminal pH (Table 5 ) and reducing the rate of feed consumption ( Table 2 ). These observations suggest potential applications to reduce acidosis. However, these results also indicate that pilocarpine does not improve the performance and digestive variables of growing beef steers fed a high-concentrate diet. High doses of this parasympathomjmetic seem to be deleterious to animal performance.
Implications
Although muscarinic stimulation of the parasympathetic nervous system is reported to enhance digestive secretory activity, pilocarpine, a partial muscarinic agonist, does not appear to be sufficiently selective to cause a net improvement of digestive function in beef cattle fed a high concentrate diet. The reduced rate of the feed consumption may explain pilocarpine's effect of increasing ruminal fluid pH, however, because salivary flow was not quantified, the source of this effect cannot be stated with certainty. Agents that selectively stimulate gastrointestinal secretions must be identified to determine whether such stimulation will improve animal performance.
